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MISTING AND ATOMIZATION SYSTEMS
AND METHOD

FIELD OF INVENTION

The presently disclosed subject matter relates to an
improved misting and atomization system in general, and 1n
particular to a cooling apparatus having an atomization
system.

BACKGROUND

The present subject matter relates generally to misting and
atomization systems and methods that may be used to spray
liquids, such as water, paint, and others.

There are various misting or spraying methods for various
liquids. Each has 1ts own drawbacks and challenges. Many
of the problems with currently available systems and meth-
ods are well 1llustrated with reference to conventional paint
sprayers or mist cooling atomizers. Accordingly, much of
the present disclosure references these applications. How-
ever, 1t 1s understood that the teachings provided herein with
respect to paint and mist cooling are applicable across a
great range of fluids.

A common method for applying paint to a surface
involves the use of a cylindrically shaped paint roller or
brush dipped mto a supply of paint. Whereas these methods
provide adequate penetration of the paint to a surface, these
methods are both time consuming and messy.

In contrast, spray methods have been developed that
allow for a faster painting process, but these methods have
their own disadvantages. Various spray painting systems
have been proposed where the paint 1s delivered under
power to a paint applicator. Unfortunately, 1n these systems
the paint applicator has a tendency to become clogged,
thereby rendering the system useless and requiring the user
to buy a replacement device.

In addition, the current spray paint devices do not provide
paint to a substrate 1n a controlled manner such that the paint
1s delivered at the proper rate. In order to achieve optimal
atomization extremely high pressures must be used, forcing
the equipment to spray over five gallons an hour in common
working conditions. Only a very small percentage of highly
trained technicians are capable of applying so great a torrent
of paint accurately. Further, paint 1s often distributed with an
improper uniformity or irregularity to a paint surface. More-
over, minor variations 1n paint viscosity by dilution produces
unpredictable spray quality with the present devices. As a
result, fine-tuning the spray by measuring viscosity is dif-
ficult with the present devices.

Further, instead of providing an even distribution of spray
over a wide spray pattern, current spray devices may force
spray through a tiny hole to provide a spray pattern that 1s
uneven. More paint 1s delivered in the center of the spray
than at the edges. In factory settings where a wide swath of
paint 1s desired, complex set-ups of numerous nozzles must
be designed and fine-tuned 1n their proximity one to another
in order to approximate even distribution. And of course, 1
one of the nozzles clogs, the entire paint session 1s compro-
mised. Additionally, the high pressures used in such systems
rapidly wear out the nozzle, ruining the spray quality, and
requiring frequent monitoring and replacement.

Another serious drawback to almost all conventional paint
sprayers 1s overspray. For example, a fog of paint particles
1s produced by the atomization process that fills up whole
rooms with tiny droplets that stick on any surface. Overspray
1s also dangerous: most spray paint must be applied while
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wearing a mask to prevent inhalation of the paint droplets,
which can be life-threatening. In a factory setting, spray
paint 1s usually applied 1n sealed boxes or small rooms with
special blowers for ventilation. Spray paint applied 1n pri-
vate homes demands protecting every surface where paint 1s
not wanted by covering it with airtight layers of plastic
sheeting. Even adjoining rooms must be protected this way.
Overspray constitutes wasted paint that can often reach over
30% of all paint sprayed, a considerable loss, especially
considering the considerable cost of the paint and cleaning
up.

A further drawback of conventional spray paint methods
1s bounceback. Specifically, the atomization process Ire-
quently creates a high-speed blast of air moving around the
paint droplets. The air blast air flow reflects ofl the appli-
cation target and pushes other droplets on their way to the
target away from the target completely. As a side effect of
bounceback, many current paint sprayers are icapable of
filling small cracks under 2 mm or so width with any paint
to any depth. A further drawback to the high air flow causing
the bounceback 1s that 1t blows on the droplets at great speed
and can dry them out before they hit the target.

Moreover, many of the powered painting systems are
complicated with numerous parts and, therefore, dithicult to
clean and repair. Cleanup of a sprayer, even the most
expensive ones, can take hours and even require soaking
overnight.

Changing paint colors in the middle of an application
project 1s not an option for conventional equipment. More-
over, typical conventional systems are only suited for one
type of liquid, namely, paint. Therefore, a user would need
to purchase an entirely different device to supply other
liquids, such as insecticides or air fresheners.

Further, the current powered painting systems require a
substantial amount of energy, high pressure, electrical cords,
battery packs, or pumps in order to supply the paint to a
surface.

Cooling by water evaporation 1s another common appli-
cation of atomization devices that presents 1ts own range of
challenges. Inexpensive cooling mists fail to atomize well,
and produce sprays that are both uncomiortable and 1netl-
cient. For example, the large droplets produced by these
low-cost atomization devices are so uncomiortable that 1t 1s
virtually impossible to sit directly in the atomization path
and air flow path. Second, the conventional atomization
devices produce particles of a size so large that many of
them never evaporate at all, thus failing to produce a cooling
ellect.

More expensive mist cooling systems do produce quality
atomization. However, the high pressures required to pro-
duce the atomization have an undesired eflect of raising the
humidity 1n the environment of the device. For example, the
water flow from a minimum four nozzle installation 1s rarely
less than 0.116 gallons per minute and usually more than
that—an amount of water so great that in one minute the
device will increase the humidity of almost 2,000 cubic feet
of air from 50% to 70% or more humidity. At such levels the
evaporative cooling system becomes remarkably less efli-
cient. In addition, this added humidity 1s uncomiortable to
the users of the system, which typically use the system in
order to cool themselves. In other words, the conventional
systems deny the users the direct benefit of the cooling and
greatly increase the overall humidity.

Further disadvantages of typical cooling systems include
the high cost of the device relative to the minimal cooling
they produce. In addition, the cooling devices typically
produce uncomiortably large amounts of noise up to more
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than 60 decibels from the operation of the compressor, from
the operation of fans large enough to handle the high levels

of mist, and from the quite loud hissing of the nozzles.
Further, the current cooling devices typically only produce
mist from one spray nozzle at a time, necessitating multiple
nozzles for increased cooling. Finally, because the atomiza-
tion concentrates all the droplets into a very small area
around the one tiny point from which they are all sprayed.,
the best atomizers have an additional drawback of creating
a heavy fog which 1s distracting, uncomiortable, and easily
re-condenses on smooth surfaces.

Accordingly, there 1s a need for a device to supply
atomization 1n a consistent manner, quietly, with a relatively
simple structure and assembly, such that the system leads to
casy maintenance and cleaning, as well as adaptability
during use.

SUMMARY OF INVENTION

The present disclosure provides devices and methods for
implementing an atomization device. Various examples of
the device and method are provided herein.

The disclosed device provides a fine mist with critically
smaller particles than those devices within the prior art. The
fine mist 1s at least 1n part a result of the design of the device,
which relies on the combination of two processes: first, a
limited adhesion of liquid onto filaments, and second, a
controlled oscillation of the filaments as they release one
droplet at each oscillation. The liquid 1s released from the
filaments 1 a stream after the filament 1s snapped and
subsequently undergoes an oscillation process, wherein the
filament bends forward and back through a neutral position
of the filament.

Specifically, the disclosed device includes a brush and a
contact plate, wherein the contact plate includes a plurality
of capillary openings. Liquid 1s supplied to a cavity or space
beneath the capillary openings for the capillaries to absorb
into the capillary openings without additional force. In the
operation of the device the capillary tubes can be ‘starved’
of liquid—never provided with enough liquid to fill them to
the limit that capillary action would allow. Instead, the
meniscus at the top of the tubes can become bent 1n an
exaggerated hyperbola to present only a small edge of liquid
to contact from above. As the brush contacts the contact
plate, 1ts filaments are dragged one by one over the capillary
openings, where small amounts of liquid (between
0.0000001 and 0.000000001 cubic centimeters) inside the

capillary opemings adhere to the individual filaments of the
brush. As the brush rotation continues, the filaments main-
tain contact with the plate, carrying with them this liquid.
The liquid 1s then broken up into even smaller parts and
released from the filaments when the filaments break contact
with the contact plate and oscillate, releasing one drop at a
time with each direction change. In the case of a brush
spinning axially, the liquid 1s released approximately 180
degrees from the contact plate. The contact plate may
include a compressed radius, wherein the filaments undergo
a continuous bending and release operation deforming the
filaments from their rest state, building up and releasing their
clastic potential energy without creating any impact that
would cause the filaments to shed any liquid before the point
of release. The compressed radius prevents an excess of
liquid buildup from collecting at the release point.

When used with liquids of the viscosity of water, the
depth of the enclosed cavity beneath the contact plate is
fixed at approximately 1 to 2 millimeters, providing a vital,
very simple and low-cost method of continually supplying
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liquid to the capillary openings without flooding them. By
means of capillary and other forces acting on the liquid in
the narrow space it defines, the space forces the liquid to
disperse 1tselfl evenly throughout the area beneath the cap-
illary tubes, without allowing the formation of full-sized
droplets which, if adhered to the filaments, would destroy
quality atomization. This 1s accomplished with a simple
mechanical structure without moving parts. Furthermore,
relying on the various properties of water-like liquids that
function 1n this small a space, the cavity now allows the
device to be used 1n any orientation, preventing gravity from
collecting the liquid too much 1n any one place and flooding
the filaments. If the device 1s used to atomize a liquid of the
viscosity of water, the space may be 1 to 2 mm 1n depth, at
which distance the water will be dispersed and fill up the
space according the natural viscosity, capillary action and
adhesive powers of the liqumd. I a surfeit of liquid 1s
prevented from entering the space, these natural forces will
keep the liquid firmly 1nside the space, preventing it from
leaving the top of the capillary tubes unless the filaments
drag small amounts out by adhesion, and allowing the device
to be utilized 1n any orientation, even upside down, without
any liquid leaving the space by forces other than the adhe-
sion of the filaments.

The specific design of the present device releases liquid
absorbed onto filaments or bristles approximately 180
degrees from a contact plate, wherein the contact plate
provides the liquid to the filaments. In contrast, most con-
ventional misting devices that rely on flicking to produce
atomization spray approximately 90 degrees from a snap
bar.

The liquid released 1n the stream begins approximately
three hundredths of a second after the filament 1s snapped
from a contact plate, which 1s also the time it takes for the
first oscillation. The stream continues for up to two tenths of
a second afterwards. In contrast, conventional misting
devices flick larger sized droplets of liquid directly off a bar
at the moment the filament 1s released. In other words, the
present system includes an oscillation function that produces
much smaller droplets than conventional low rpm devices
that do not include an oscillation function.

As the brush contacts the contact plate, a very small
amount of liquid inside the capillary openings adheres to the
tips of the filaments of the brush. The limited adhesion
property of the device 1s such that the amount of liquid
available to each filament as it 1s dragged over the capillary
openings 1s between 0.0000001 and 0.000000001 cubic
centimeter. In contrast, conventional devices grant filaments
access to much larger amounts of liquid at this stage, where
natural forces make them absorb many times more liquid
than the present device, drastically increasing the size of the
particles that are subsequently released and lowering the
quality of atomization. Only very high rpm’s can atomize
these amounts of liquid effectively, and then only at a high
cost 1n energy and noise. As a result of the limited adhesion
process, the present devices produces a fine mist at rpm’s of
800 or even 400, a fraction of the thousands of rpm’s
required by other devices to achieve good atomization.

The atomization of the liquid from the device 1s a result
of releasing the flexed filaments from contact plate, wherein
the filament returns to 1ts resting or normal linear position.
Specifically, after release, the filament moves through its
normal linear position into a forward flexed position before
returning back to 1ts normal linear position. The oscillation
produces atomization because the acceleration produced
from the oscillation 1s comparable to that of a spinning disc
atomization system rotating at 3,500 rpm. Because the
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oscillations continue after the filament 1s released, and
because the filament 1s 1n an axial spin conformation, the
liquid 1s released 180 degrees from the contact plate. Fur-
ther, this oscillation process greatly enhances the atomiza-
tion by breaking up the tiny amount of liquid on the filament
head 1nto even smaller amounts: only one droplet 1s released
with each oscillation of a filament. Determination of the
number of oscillations and the strength providing the oscil-
lation 1s enough force to atomize the liquid 1s dependent on
understanding numerous properties of the filament material,
thickness, length, and the amount by which the filament 1s
bent before release. Atomization by oscillation prevents
overspray: the particles are all ejected with parallel forward
momentum and 1dentical forward speed at the extreme end
of the oscillation cycle. So they never hover and wander
away from the stream like the product of traditional pressure
sprayers. Further, the oscillation provides the benefit of a
highly diffused swath of atomized particles, separated from
cach other automatically by the one-at-a-time release of
particles.

The length of the filaments may be any suitable length.
For example, shorter filament lengths produce a faster snap
to release the liquid from the filament. Shorter filaments are
particularly suitable for releasing higher viscosity liquids,
such as paint. A greater rotation speed also increases the
snap force. The filaments may be made of any material that
has elastic potential energy on deformation, including stain-
less steel, spring steel, and other matenals.

No bounce-back: the device produces next to no air flow
accompanying the droplets, since the air flow produced by
spinning the filaments i1s nearly negligible. At the same time,
the device may produce liquid particles or droplets that are
projected at a rate that 1s faster than the forward momentum
created by the rotation of the filaments, because the speed of
the snap 1s additional to the speed of the rotation of the
brush. For example, when the brush 1s rotated at approxi-
mately 900 rpm, a forward speed of 2 m/s 1s produced, and
the snap of the filaments off the contact plate adds an
additional 2 m/s to the speed of the projected droplets. This
combination of the droplets having high air speed, and the
air surrounding them having very low speed, means that
instead of ‘bounce back’, the droplets actually race ahead of
the air flow unencumbered. As a result, the device 1s suitable
for dispensing a mist of paint to cover inside cracks on a
substrate as thin as 1 mm wide and over 10 mm deep.

The present disclosure provides an atomization device
including a contact plate including a top plate and a bottom
plate, wherein the top plate and bottom plate are separated
a distance to define a space between them. The top plate
includes a plurality of capillary openings that extend through
the top plate from a top surface to a bottom surface. The
device further includes a liquid source 1 flud communica-
tion with the space, wherein the liquid source supplies a
limited amount of liquid to the space and the plurality of
capillary openings, and a brush including a plurality of a
filaments radiating from a central axis of the rotating brush.

As the brush rotates a first radial direction, the filaments
flex when 1n contact with the contact plate and release when
contact 1s broken with the contact plate to project liquid from
the filaments, wherein the portion of the contact plate with
which the filaments contact includes a spirally curved sur-
tace, wherein the radius decreases along a path following the
first radial direction.

In an example, the device includes a cylindrical housing,
wherein the housing includes the contact plate and the
rotating brush, wherein the housing includes an opening,
wherein, as the brush rotates, liquid from the filaments
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projects through the opening. The housing may include a top
portion and a bottom portion, wherein the contact plate 1s
positioned within the bottom portion, wherein the opening 1s
positioned within the top portion.

In another example, the device includes an arcuate bather
extending from below the contact plate around a portion of
the brush, wherein the arcuate barrier collects a portion of a
liquid released from the filaments, wherein the barrier 1s 1n
fluid communication with the liquid source. The barrier may
collect non-atomized, larger droplets that are immediately
released from the contact plate by the filaments. The large
droplets are the sole product of many conventional atomi-
zation devices. In contrast, the present device removes the
large droplets from the stream to maintain a desired smaller
droplet size 1n the form of mist. In addition, the barrier may
catch droplets that have been hurled backwards by the
oscillation of the filaments. In other words, only liquid
projecting from filaments in a forward direction from the
oscillation produce the resulting mist. The liquid projected
from backward oscillation movement may be collected by
the barrer.

The rotation of the brush may be driven by a motor or
manually. In an example, the device 1s configured to convert
600 mL of liquid mto a mist per hour.

In an example, the device 1s enabled to dispense liquid
from the filaments, wherein the liguid may be projected 1n
the form of liquid particles, wherein all the droplets have a
diameter size of 70 microns or less, with the average size
under 35 microns. The device may be adapted to produce
liquid particles having a size between, and including, 20 um
to 350 um. The device may be adapted to produce liquid
particles having a size between, and including, 20 um to 100
LLIT.

The diameter of the capillary openings may be between,
and including, 0.5 mm to 2.0 mm. In an example, the
diameter of the capillary opemings 1s 1 mm, 1.5 mm, 2 mm,
or 2.5 mm.

The capillary openings may include liquid, wherein a
portion of the liquid carried by the filaments is released from
the filaments approximately 180 degrees from the contact
plate, wherein the approximately 180 degrees 1s measured
along the radial path of the rotating brush.

The liqmd source may control the release of liqud to
maintain an amount of liquid 1n the capillary openings such
that the liquid does not overflow onto the top surface of the
top plate. In an example, the liquid source includes a positive
pressure source, wherein the positive pressure maintains an
amount of liquid between the top plate and bottom plate.

The present disclosure also provides an atomization
method including providing an atomization device, as dis-
closed above. The method further includes rotating the brush
such that the filaments contact the contact plate, wherein the
filaments absorb a portion of the liqud feeding to the
filaments from within the capillary opemings. As the brush
rotates a first radial direction, the filaments flex when 1n
contact with the contact plate and release when contact 1s
broken with the contact plate to project ligmid from the
filaments, wherein the portion of the contact plate with
which the filaments contact includes a spirally curved sur-
face, wherein the radius decreases along a path following the
first radial direction.

The method may include, when contact 1s broken with the
contact plate, the filament oscillates between a forward bend
position and a backwards bend position through a linear
position, wherein the filament projects liquid each time the
filament changes direction, at the forward bend position and
at the backward bend position.
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An advantage of the device provided herein includes
providing a more cost ellective, energy efli

icient misting
device than those devices that use high rpm’s of discs or
brushes, or high pressure to dispense the liquid. In the
present device, energy 1s only expended when atomization
takes place. In contrast, in conventional devices, a majority
of the energy required by the device 1s wasted maintaining
a constant supply of power for the device, even through a
great majority of the power 1s not used for the actual
atomization.

Another advantage of the device 1s that 1t 1s quiet:
atomization by oscillating filaments produces so very little
noise that 1t can comiortably be utilized in residential
surroundings. The device can operate within the recom-
mended sound pressure for interior living areas, under 50
decibels at a distance of 6 feet from the unit. For example,
many current mist cooling systems are over ten times louder
than this, 60 decibels and more.

Another advantage of the device provided herein 1s that
the device may be used to dispense paint, insecticide, air
freshener, among other things, in contrast to current misting
or spraying devices which are only designed to spray one
type of material. The present device may include inter-
changeable rotating brushes and barriers which may be
selected depending on the type of material or liquid used.
For example, a user may {ind 1t advantageous to use a
different rotating brush for use with a latex based paint than
when used with water. For example, stifler bristles may be
helpful when the device 1s used with paint.

Yet another advantage of the device 1s that 1t produces a
more moderate rate of spray than other conventional
devices. As a result, users of the device may apply a spray
at a more manageable rate ol one inch per second for
painting a trim line accurate to “isth of an inch. Therefore,
the present device may be easily operated by any person, not
just professionals.

Another advantage of the device when used for mist
cooling 1s that the device produces a comiortably fine and
highly diffused cooling mist for users, wherein the stream
may be pointed directly on the user. Further, such a direct
stream can provide ample cooling with much more eflicient
water use than other systems that because of the discomfort
of their direct stream must rely on cooling the entire atmo-
sphere around the subject. Using much less water for evapo-
ration, the present device does not increase the humidity of
the environment as much as those systems.

Yet another advantage of the device 1s that the spray
originates over the entire length of the brush, not just 1n one
point. The spread of liquid produces a more even coverage
ol paint.

Another advantage of the device provided herein 1s that
the device does not clog, 1n contrast to most commercial
misting devices. With no passage smaller than about 1
millimeter in the case of water misting, and about 2 milli-
meter 1n the case of paint spraying, ample room 1s provided
for all common foreign matter in an ordinary liquid to pass
without clogging. Further, in the example of dispensing latex
paint, the device does not require dilution of the paint before
dispensing.

A further advantage of the device provided herein 1s that
the device 1s convenient and easy to take apart and clean.

Yet another advantage of the device disclosed herein 1s
that the device 1s designed to easily modily the size of the
swath ol mist extruded from the device, even during use. For
example, swaths of spray greater than 20 feet long may be
produced, which 1s typically not achievable by other con-
ventional systems without using multiple nozzles. Further,
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the swath size produced by the present device may be
modified during use of the device.

Another advantage of the present invention 1s a substan-
tial reduction i1n overspray. In other words, the present
device prevents the loss of excess spray that 1s sacrificed as
waste. Due to the lack of overspray, the present device 1s
safer for users to use. The device does not produce overspray
because the device does not project the droplets in all
directions like conventional spraying devices, which pro-
duce a cloud of mist that the user has to avoid inhaling.
Instead, the present device produces a spray in a direct line
of paint droplets.

A Turther advantage of the present device 1s that it 1n some
conformations it may be used 1n any orientation. In contrast,
conventional sprayers may only be used 1n one orientation.
The present device may be tilted and even turned upside
down during use.

Additional objects, advantages and novel features of the
examples will be set forth 1 part in the description which
tollows, and 1n part will become apparent to those skilled 1n
the art upon examination of the following description and
the accompanying drawings or may be learned by produc-
tion or operation of the examples. The objects and advan-
tages of the concepts may be realized and attained by means
of the methodologies, instrumentalities and combinations
particularly pointed out in the appended claims.

There 1s disclosed in accordance with an aspect of the
presently disclosed subject matter an atomization device for
forming liquid particles. The device includes a brush having
a plurality of filaments, each of the filaments 1s coupled on
one end thereot to the brush such that an opposing end of the
filaments 1s free to oscillate; a plate having at least one liquid
path configured for capillary action of liquid therein;
wherein one of the brush and the plate 1s configured to be
displaced with respect to the other one of the brush and the
plate 1n a first direction during a cyclic displacement; and
wherein disposition of the plate with respect to the brush 1s
such that during the displacement 1n the first direction at
least one of the filaments 1s displaced between a first position
in which the opposing end 1s engaged with an edge of the
liquid path collecting thereby a film of liquid therefrom, and
a second position 1 which the opposing end 1s free to
oscillate 1n an alternating motion between the first direction
and a second opposing direction, and wherein the alternating
motion 1s triggered by forces exerted on the opposing end
during disengagement thereof from the edge of the liquid
path.

The cyclic displacement can be a rotation displacement
and the brush can be a rotating brush configured to rotate 1n
the first direction with respect to the plate.

During the alternating motion of the filament the opposing
end changes direction from the first direction to the second
direction a particle of liqud can be dislodged from the
opposing end.

The brush can include a plurality of filaments coupled
along a width thereof and the plate includes a plurality of
liquid paths, the plate extends along the width such that 1n
the first position each of the filaments can be engaged with
the edge of at least one of the liquid paths allowing thereby
the plurality of filaments to simultaneously collect liquid
from the liquid paths.

Dimensions of the liquid path can be configured such that
surface tension and adhesive forces between liquid and walls
of the liquid path causes the capillary action and 1n wherein
the dimension are configured in accordance with a cohesion

property of the liquid.
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The at least one liquid path can be a channel having an
opening along a portion thereol reducing thereby the capil-
lary rise rate. The channel includes a bottom wall and two
side walls wherein the opening can be defined along a top
portion thereof such that liqud therein interacts only with
the bottom wall and the two side walls.

The plate can be disposed 1nside a liquid trough, and can
be configured such that a liquid level therein allows the
capillary action. The plate can be diagonally disposed with
respect to the trough wherein angle of the plate with respect
to the trough can be determined 1n accordance with the
desired rate of the capillary action. The trough can i1nclude
a plurality of partitions successively defined along the length
of the plate and configured such that the liqud level can be

maintained in each of the partitions.

The atomization device can further include a liquid pas-
sage defined along the partitions and having openings con-
figured for providing liquid into each of the partitions at a
desired flow rate. Each of the partitions includes a draining
aperture configured such that gravitational forces exerted by
the liquid pressure in the partition force liquid out the
partition through the draining aperture maintaining thereby

the liquid level 1n the partitions.

The brush includes a plurality of filaments configured to
successively engage the edge and wherein engagement of
cach filament with the edge causes deformation of the
meniscus 1n a top surface of the liquid in the liquid path
decreasing the height of the meniscus as measured 1n the
middle of the liquid path, and wherein rate of the capillary
action can be configured such that the time interval between
engagement of a filament and engagement of a successive
filament, can be controlled to be shorter than time required
for the capillary action to return the meniscus to 1its full
height.

Each of the filaments can be configured to bend back to
the second opposite direction only after the rotating brush
can be rotated approximately 90 degrees with respect to the
plate.

The atomization device can further include a collecting
member extending along a portion of a path defined by the
first direction and configured to collect excess liqud
absorbed by the filaments.

There 1s provided 1n accordance with another aspect of the
presently disclosed subject matter a cooling apparatus for
producing air stream. The apparatus includes an air blowing,
device configured to blow an airstream 1n a first direction; an
atomization device configured to recerve liquid from a liquid
source and to spray particles of the liquid towards the
airstream lowering thereby the temperature of the airstream;
wherein the particles are sprayed in a second direction
transversely of the first direction.

The air blowing device can be a fan rotating about an axis
and wherein the apparatus includes a housing having an inlet
opening and an outlet opening and wherein the airstream can
be directed from the inlet opening towards the outlet open-
ing, and wherein the rotating brush can be configured to
rotate.

The atomization device can include a brush having a
fillament and further includes a plate having at least one
liquid path configured for capillary action of liquid therein;
wherein the filament can be configured to collect the liquid
from the plate.

Rate of the capillary action can be configured 1n accor-
dance with the desired temperature of the airstream.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawing figures depict one or more implementations
in accord with the present concepts, by way of example only,
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not by way of limitations. In the figures, like reference
numerals refer to the same or similar elements.

FIG. 1 1s a side view of an embodiment of an atomization
device.

FIG. 2 1s a cross-sectional view of an embodiment of an
atomization device including a housing.

FIG. 3 15 a cross-sectional view of an embodiment of an
atomization device including a bather.

FIGS. 4A-4C 1s a side view of an embodiment of a
filament 1n contact with a capillary opening.

FIGS. 5A-5E 1s a side view of an embodiment of a
filament before and after breaking contact with the contact
plate.

FIG. 6 15 an exploded view of an embodiment of a contact
plate.

FIG. 7A 1s a back perspective view of cooling apparatus
having an atomization device integrated therein;

FIG. 7B 1s a front perspective view of cooling apparatus
having an atomization device integrated therein;

FIG. 8A 1s a perspective view of the atomization device
of the cooling apparatus of FIG. 7A;

FIG. 8B i1s an enlarged view of the capillary channels of
the atomization device of FIG. 8A:

FIG. 8C 1s a sectional view enlarged view of the atomi-
zation device of the cooling apparatus of FIG. 7A taken
along lines A-A; and

FIGS. 9A-9D are side sectional views of the atomization
device exemplifying various dispositions of a single filament
on the rotating brush.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 depicts an embodiment of an atomization device
10 as provided by the present disclosure, wherein the device
10 1includes a contact plate 12, a liquid source 26, and a brush
28. The contact plate 12 includes a top plate 14 and a bottom
plate 16. The top plate 14 and bottom plate 16 are connected
such that a connector 17 encloses a space 18 between the top
plate 14 and bottom plate 16. The top plate 14 may be
connected to the bottom plate 16 by any suitable connector
17, as shown 1n FIGS. 1-3. The connector 17 may include,
but not limited to, a wall, screw, nail, bolt, latch, among
others. Further, the connector 17 may be any suitable
maternal, such as plastic. Alternatively, the top plate 14 and
bottom plate 14 may be directly connected to each other, for
example, by welding, glue, or any suitable adhesive.

The top plate 14 includes a plurality of capillary openings
20 that extend through the top plate 14 from a top surface 22
to a bottom surface 24. The capillary openings 20 are
adapted to absorb liquid from the space 18 below the top
plate 14 based on capillary action, and to present extremely
small amounts of the liquid to adhere to the heads of the
filaments 30 when they contact the tops of the openings. The
diameter of the capillary openings 20 may be increased or
decreased to suit liquids of different viscosity, or to modity
a projected droplet size. The capillary openings 20 may be
arranged 1n any suitable manner that ensures the filaments
30 which are to atomize 1n the desired process have access
to the liquid within the capillary openings 20. For example,
the capillary openings 20 may be arranged in a staggered
orid pattern.

The diameter of the capillary openings 20 may be any
suitable diameter to produce atomization of the liquid. The
diameter of the capillary openings 20 may be at least 0.1
mm, at least 0.3 mm, at least 0.5 mm, at least 0.7 mm, at least
0.9 mm, or at least 1.1 min. Alternatively, or 1n addition to,
the diameter of the capillary openings 20 may be less than
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3 mm, less than 2 mm, less than 1.5 mm, less than 1.3 mm,
less than 1.1 mm, less than 0.9 mm, less than 0.7 mm, or less
than 0.5 mm. The diameter of the capillary openings 20 may
be defined by any two of the above endpoints. For example,
the diameter of the capillary openings 20 may be between,
and including, 0.5 mm to 1.5 mm, 0.9 mm to 1.1 mm, 0.7
mm to 1.3 mm, or 0.9 mm to 1.3 mm. In an example, the
diameter of the capillary opemings 20 1s 1 mm.

The space between the top plate 14 and the bottom plate
16 may be approximately from 0.5 mm to 2 mm, for
example 1 mm. Due to the close proximity of the top plate
14 and bottom plate 16 1n addition to the interplay of
capillary action 1n the case of a liquid with the viscosity of
water, the device 10 may be used 1n any orientation. In other
words, the contact plate 12 adequately supplies lhiquid
through the capillary openings 20 to the filaments 30 1n any
orientation of the device, including upright or upside down.

In addition, a portion of the contact plate 12 includes a
spirally curved surface with which the filaments 30 contact.
As the brush 28 rotates 1n a first radial direction, the radius
of the spirally curved surface decreases along a path fol-
lowing the first radial direction. As a result, a filament 30 of
the brush i1s progressively more intensely flexed as the
filament 30 approaches the end of the spirally curved
surface.

An advantage of the top plate 14 including a spiral curved
surface includes preventing the accumulation of liquid
behind a strike plate, an element common 1n conventional
sprayers that 1s used to snap bristles to release their droplets.
Any liquid that accumulates behind a strike plate 1s typically
attached to subsequent approaching bristles, and will dras-
tically increase the projected drop size and negatively impair
atomization. The spiral curved surface of the top plate 14
maintains an optimal amount of liquid on the filaments 30
and prevents liquid from accumulating on the top surface 22
of the top plate 14 and subsequently absorbed by filaments
30, which negatively impairs atomization.

As mentioned above, the device 10 further includes a
liquid source 26 1n fluid communication with the space 18,
wherein the liquid source 26 supplies a liquid to the space
18, wherein the plurality of capillary openings 20 access the
liquid from the space 18. As shown in FIGS. 1-3, the liquid
source may attach to the bottom plate 16, for example
through an opening within the bottom plate 16, wherein the
liquid may flow from the liquid source 26 into the space 18.
The liquid source 26 may supply any suitable liquid to the
space 18.

The liquid source 26 may control the release of liquid to
maintain an amount of liquid in the space 18 such that the
liquid does not overtlow the capillary opemings 20 and onto
the top surface 22 of the top plate 14. In an example, the
liquid source 26 includes a positive pressure source, wherein
the positive pressure maintains an amount of liquid between
the top plate 14 and bottom plate 16.

The liquid source 26 may be externally located from the
contact plate 12. Alternatively, or in addition to, the liquid
source 26 may be internally located within a housing 34,
discussed more below. Further, the liquid source 20 may be
in tluid communication with a liquid reservoir that supplies
the liquid source 20 with liquad.

In one example, 11 the amount of liquid supplied from the
liquid source 26 1s too great, the device 10 will not produce
a consistent mist of liquid, but rather dispense inconsistent
droplets of too large a size. Alternatively, if the amount of
liquid supplied from the liquid source 26 1s too little, the
device 10 may not produce a consistent mist of liquid, but
instead have gaps 1n 1ts spray. Preferably, the liquid source
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controls the release of liquid to maintain an amount of liquid
in the capillary openings less than a full capacity of the
capillary openings.

The liquid supplied by the liquid source 20 may be any
suitable type of liquid including, but not limited to, water,
paint, msecticide, air freshener, fuel, pharmaceutical coat-
ings, industrial coatings, industrial oil, cooking oil, body
creams, combustible liquid or petroleum derivatives, or a
combination thereof. In the main embodiments described
herein, the misting device 10 1s generally configured to
perform with paint, which 1s a fluid that has shear thinming
properties (1.e., the fluid’s resistance to tlow decreases with
an 1ncreasing rate of shear stress). However, one skilled 1n
the art would understand to slightly modily the elements of
the systems disclosed herein for liquids that are not shear
thinning materials based on the solutions and description
provided herein.

The device 10 also includes a brush 28 including a
plurality of a filaments 30 radiating from a central axis 32 of
the rotating brush 28. As the brush 28 rotates a first radial
direction with the filament heads in contact with the plate,
liquid adheres to the filament heads from within the capillary
openings, the filaments 30 flex when in contact with the
contact plate 12 and release when contact 1s broken with the
contact plate 12 to project liquid from the filaments 30. Once
contact 1s broken between the filaments 30 and the contact
plate 12, the oscillation process begins, which will atomize
the liquid on the filaments, one drop with each oscillation.
Alternatively, the brush 28 may be linear, wherein the
fillaments 30 extend from one side of the brush 28. In such
example, instead of rotating the brush, a horizontal brush 28
may slide or vibrate over the contact plate 12.

The filaments 30 may be comprised of various matenals
with a range of flexibilities. In one example, the filaments 30
may comprise flexible material. The level of flexibility of the
filaments 30 must be such that, upon contact with the contact
plate 12, the filaments 30 bend or flex from their original
orientation. Upon release from the contact barrier 12, the
filaments 30 oscillate rapidly until the filaments 30 return
back to their original, linear orientation, thereby releasing
liquid from the filaments 30 1n each oscillation.

As explained more below, upon release, the filaments 30
typically not only spring back into their original orientation,
but continue to bend past their original orientation into a
forward bend position and then back to their linear position.
The filaments 30 may then bend back to a backwards bend
position, after which the filament 30 returns back to the
linear position. This oscillation from the forward bend
position to the backwards bend position creates the mist or
atomization as the liquid leaves the filaments 30 each time
the filament 30 oscillates away from the forward or the
backward bend position. The filaments 30 are flexible
enough to bend and spring back to their original orientation
to allow the liquid on the filaments 30 to be projected in the
form of a mist. In an example with a filament 30 having a
length of one inch, the filament 30 may oscillate approxi-
mately 20 times before returning to its neutral, linear posi-
tion.

The filaments 30 may be equally dispersed on the rotating
brush 24. Alternatively, the filaments 30 may be arranged in
any number of patterns, such as rows, along the rotating
brush. The projected droplet size can also be moderated by
changing the distribution of filaments 30 across the face or
the surface of the central axis 32 of the brush 28. The more
spread out the filaments 30 are on a surface of the central
axis 32, the more discreet individual droplets are projected.
Further, the filaments 30 may extend perpendicular from a
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surface of the brush 24. Alternatively, the filaments 30 may
extend at an angle other than perpendicular, such as sloping
backwards from the direction of rotation so as to project
droplets 1n a direction closer to a line pointing outwards
from the center of the brush (in contrast to a tangential line
of droplets projected by filaments 30 extending perpendicu-
lar from the brush 24).

The length of the filaments 30 may be any suitable length
to produce atomization of the liquid. The length of the
filament 30 may be at least 10 mm, at least 15 mm, at least
20 mm, at least 25 mm, at least 30 mm, at least 35 mm, or
at least 40 mm. Alternatively, or 1n addition to, the length of
the filaments 30 may be less than 50 mm, less than 45 mm,
less than 40 mm, less than 35 mm, less than 30 mm, less than
25 mm, or less than 20 mm. The filaments have a length
defined by any two of the above endpoints. For example, the
length of the filaments 30 may be between, and including, 15
mm to 50 mm, 25 mm to 30 mm, 20 mm to 40 mm, or 25
mm to 35 mm.

In one example, the rotating brush 28 1s replaceable. For
example, the user may replace the rotating brush 28 with a
different rotating brush 28 that has, for example, a different
density of filaments 30 or a brush that has a different pattern
of filaments 30, thereby allowing the user to create various
misting conditions and patterns.

The rotating brush 28 may be driven by an electrical
motor 44. Alternatively, the rotating brush 28 may be driven
by a manual crank, such as a thumb roller. In either case, a
user may be able to designate or otherwise control the speed
of rotation of the brush 28. In an example, the device 10 1s
configured to convert 500 mL to 800 mL of liquid 1into a mist
per hour. For example, the device may be configured to
convert 600 mL of liquid into mist per hour.

In an example, as shown 1n FIG. 2, the device 10 includes
a housing 34. In one example, the housing 34 1s generally
cylindrical. However, the size and shape of the housing 34
1s not limiting. While FIG. 2 shows a generally cylindrical
housing 34, 1t 1s understood that the housing may be any
number of shapes adapted to support the misting device 10.
The housing 34 may include the contact plate 12 and the
rotating brush 28. The housing 34 may include an opening
36, wherein, as the brush 28 rotates, liquid from the fila-
ments 30 project through the opening 36. For example, the
housing 34 may include a top portion 38 and a bottom
portion 40, wherein the contact plate 12 1s positioned within
the bottom portion 40, wherein the opening 36 1s positioned
within the top portion 38.

The shape of the opening 36 may be any suitable shape.
For example, the shape of the opening 36 may be generally
rectangular, square, circular, or oblong. The opening 36 may
be a narrow slit, a small circular opening, or a larger
rectangular opeming. Further, the housing 34 may include
more than one opening 36, thus, allowing the device 10 to
provide various patterns of misting. For example, the top
portion 38 of the housing 34 may include a row or series of
small openings 36.

In an example, the size of the opening 36 1n the top
portion 38 of the housing 34 may be adjustable. For
example, the opening 36 can be enlarged or diminished
manually or electronically. In the case of manual adjustment,
the opening 36 may have adjustable components that allow
a user to change the shape of the opening, even during use.
In addition, the capillary openings 20 may be capable of
being opened and closed 1n certain groups, allowing for a
customized liquid spray swath.

In another example, as shown in FIG. 3, the device 10
includes an arcuate barrier 42 extending from below the
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contact plate 12 around a portion of the brush 28, wherein
the arcuate barrier 42 may collect a portion of a hiqud
released from the filaments 30. The barrier may be a portion
of the housing 34. Alternatively, the barrier 42 may be 1n
addition to the housing 34.

As shown 1n FIG. 3, the barrier 42 extends from below the
contact plate 12 to approximately 90 degrees from the
contact plate 12, wherein the approximate 90 degrees 1is
measured along the radial path of the filaments 30. In such
example, the barrier 42 may collect any liquid prematurely
released at or less than 90 degrees. The barrier 42 may in
fluid communication with the liquid source 26, such that the
collected liquud may be fed back into the liqguid source 26.

In the case of a radial rotation of the brush holding the
filaments, a portion of the liquid carried by the filaments 30
1s released from the filaments approximately 180 degrees
from the contact plate 12 1n the form of a mist, wherein the
approximately 180 degrees 1s measured along the radial path
of the rotating brush 28. Because atomization does not take
place until the filaments 30 oscillate, and the oscillation only
starts after the filaments 30 have rotated approximately 90
degrees, the direction of the sprayed droplets 1s 180 degrees
from the contact plate 12. In contrast to conventional spray-
ers that sling liquid approximately 90 degrees from a snap
plate without any oscillation process, the present device
projects mist at approximately 180 degrees from the contact
plate 12.

The device 10 may be configured to produce atomized
particles of any suitable size or shape. For example, to
produce larger particles, the rotation rate of the rotating
brush 28 may be slowed down, the amount of liquid supplied
to the filaments 30 may be increased, the diameter of the
capillary holes may be increased, the thickness of the
filaments 30 may be increased, the stifiness of the filaments
30 may be decreased, or combination thereof. Alternatively,
to decrease the size of the liquid particles extruded from the
device 10, the rotation rate of the rotating brush 28 may be
increased, the amount of liquid supplied to the filaments 30
may be decreased, the diameter of the capillary holes may be
decreased, the thickness of the filaments 30 may be
decreased, the stiflness of the filaments 30 may be increased,
or a combination thereof. The shape of the particles may be
spherical, ovular, torpedo-shaped, cylindrical and bullet-
shaped. Further, the device 10 may be configured to spray
the liquid particles varying distances, for example, the
stiflness of the filaments 30 may be increased to spray the
particles longer distances compared to filaments 30 with
decreased stiflness. Finally, the device may atomize liquid
so rapidly that 1t produces immediate evaporation of liquid
into gas, skipping entirely the intermediary step of creation
of small particles.

The lhiquid particles may have an average size (i.e.,
average particle diameter) of at least 10 um, at least 20 um,
at least 30 wm, at least 40 um, or at least 60 um. Alterna-
tively, or 1n addition to, the liquid particles may have a
diameter size of 350 um or less, 300 um or less, 200 um or
less, 180 um or less, 160 um or less, 150 um or less, 120 um,
100 um or less, S0 um or less, or 20 um or less. The liquid
particles can have an average particle size bounded by any
two of the above endpoints. For example, the liquid particles
may have an average particle size of 10 um to 20 um, 10 um
to 50 um, 10 um to 200 um, 20 um to 100 um, 20 um to 3500
um 50 um to 120 um, 20 um to 150 um, or 60 um to 100 um.
In an example, the device 10 1s enabled to dispense liquid
from the filaments 30, wherein the liquid may be projected
in the form of droplets, wherein at least 50% of the droplets
have a diameter size of 100 microns or less.
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In an example, the device 10 1s configured to produce
approximately 7 droplets of average diameter size of 115
microns per complete oscillation cycle of each filament,
converting approximately 0.25 mL of liquid into mist per
hour per filament 30, when the filament 30 passes through
approximately 800 cycles of liquid adhesion and oscillation
of mist per minute.

The present disclosure also provides an atomization
method including providing any of the embodiments of the
atomization device 10 disclosed above. The method further
includes rotating the brush 28 such that the filaments 30
contact the contact plate 12, wherein the filaments 30 absorb
a portion of the liquid available to the filaments 30 from
within the capillary openings 20. As shown 1n FIGS. 4A-4C,
a filament 30 brushes over the top plate 14 of the contact
plate 14 and absorbs liquid from the capillary opening 20
even though no external source 1s forcing any additional
liquid through the capillary opening 20. As shown 1n the
progression between FIG. 4B to FIG. 4C, once approxi-
mately 8000 filaments 30 pass over the capillary opening 20,
the height of the meniscus of the liquid 1nside the capillary
opening 20 decreases by approximately 1 mm, wherein the
capillary opening has a diameter of 1.1 mm. This conforms
to the rough estimate in 1tem 0019 of each filament absorb-
ing approximately between 0.0000001 and 0.000000001 of
a cubic centimeter of liquid with each pass over a capillary
tube: 8000 times 0.0000001 cubic cc=0.0008 cubic cc, or
about 1 cubic millimeter, the volume of liqud lost to the
capillary opening.

As the brush 28 rotates a first radial direction, the fila-
ments 30 tlex when 1n contact with the contact plate 12 and
release when contact 1s broken with the contact plate 12 to
project liquid from the filaments 30. As shown in FIGS.
SA-SE, after the filaments 30 are released from the contact
plate 12, the filaments 30 return to a neutral (linear) position,
then continue to bend 1n the opposite direction of the flexing,
from the contact plate 12. Then the filaments 30 return back
to the neutral position again, and then bend backwards past
neutral, releasing one drop with each change 1n direction.
The particular oscillation cycle of the filaments 30 to bend
beyond the neutral or linear position of the filament 30,
creates the claimed atomization. In other words, bristles of
conventional sprayers may be merely bent back and then
snapped forward to return to their linear position, applying
a flicking motion instead of the oscillating motion utilized
by the present device.

A 0.012 nylon filament 30 that 1s one inch long produces
22 cycles of oscillation, or about 44 recoils. In oscillation
tests a filament 0.012" 1n diameter 1" long can cast a stream
of individual droplets separated by 1dentical intervals of time
in the range of 22 droplets per 4 second 1n one direction.
The device 10 utilizes approximately the first 15% of the
oscillations when operated at 600 rpm. With each oscilla-
tion, the filament projects one droplet of liquid adhering to
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rotation, and another 1n the backward direction. The accel-
eration at the point of reversal of direction 1s comparable to
the power concentrated at the atomizing point of a spinning
disc atomization system rotating at 3,500 rpm.

FIG. 6 depicts an embodiment of the contact plate 12,
wherein the bottom plate 16 includes stays 46 that extend
vertically from a top surface of the bottom plate 16 to the
bottom surface 24 of the top plate 14. In addition, the bottom
plate 16 may include multiple liquid sources 26, such that
liquid 1s fed 1nto the individual spaces 18 between the stays
46. As a result, a liquid source 26 1s adapted to supply liquid
to a portion of capillary stays between stays 46. Such
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example 1s particularly suitable for atomizing more viscous
liquids such as paint that are not suitable to the capillary
plate design used for water, which can already be used 1n any
orientation.

The stays 46 allow the device to be used in various
orientations. In other words, the device 10 may be tilted
during use while still maintaining adequate misting ability.
Without the incorporation of the stays 46, when the device
1s tilted, all of the liquid 1n the space 18 may accumulate 1n
one end of the space 18. As a result, only the capillary
openings 20 at the end where the liquid 1s accumulated will
absorb the liquid, thereby altering the availability of the
liquid to the filaments 30. In contrast, with the incorporation
of the stays 46 between the top plate 14 and the bottom plate
16, the device 10 may be tilted without the liguid accumu-
lating at one end of the space 18. Instead, the stays 46 ensure
an adequate amount of liquid 1s accessible by all of the
plurality of capillary openings 20 regardless of the orienta-
tion of the device 10.

The device 10 may further include an overtlow mecha-
nism configured to maintain an adequate amount of liquid in
the liquid source 20 1n order for the device 10 to produce a
consistent mist of liquid. The overtlow mechanism may be
any mechanical or electrical device configured to maintain a
specific amount of liquid 1n the liquid source 26. The
overtlow mechanism may be 1n communication with liquid
source 26, such that upon feedback from the liquid source 26
that the amount of liquid exceeds the optimal amount for the
device 10 to produce a continuous mist, the overflow mecha-
nism stores or directs excess liquid to a liquid reservoir. The
overflow mechanism may be 1n communication with the
space 18, such that upon feedback from the space 18 that the
amount of liquid exceeds the optimal amount for the device
10 to produce adequate atomization, the overtlow mecha-
nism stores or directs excess liquid to the liquid source 26.
In another embodiment, the device 10 may include a float
valve configured to maintain a certain amount of liquid 1n
the space 18. Alternatively, the predetermined level or height
of the liquid in the space 18 may be made adjustable using
an adjustment knob.

The device 10 may further comprise an air force mecha-
nism that provides air flow that further aids i mist produc-
tion. The air force mechanism may be any mechanism that
provides air flow, for example, although not limited to, a fan.
For example, the air flow may flow along the length of the
rotating brush 28. Alternatively, the air force mechanism
may provide air flow that 1s tangential to the rotation of the
rotating brush 28. For example, the air force mechanism
may provide air 1n the direction of the opening 36 in the
housing 34, thereby aiding the release of liquid from the
filaments 30. The air force mechanism may also provide a
cooling effect, for example, when the liquid 1s water.

It should be noted that various changes and modifications
to the embodiments described herein will be apparent to
those skilled 1n the art. Such changes and modifications may
be made without departing from the spirit and scope of the
present invention and without diminishing its attendant
advantages. For example, various embodiments of device 10
may be provided based on various combinations of the
features and functions from the subject matter provided
herein.

Reference 1s now made to FIGS. 7A to 8C, according to
an example of the presently disclosed subject matter there 1s
provided a cooling apparatus 100 having an atomization
system 120 integrated therein. The cooling apparatus
according to the illustrated example includes a fan 102
configured to rotate about an axle 104 and to produce airtlow
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in a first direction. According to the illustrated example the
cooling apparatus 100 includes a housing 110 having an inlet
opening 112q and an outlet opening 1125. The fan 102 is
mounted adjacent the inlet opeming 1124 such that the fan
102, when operating, urges airflow into the housing 110
through the 1nlet and out of the housing through the outlet
opening 1125.

The atomization system 120 according to the illustrated
example includes a rotating brush 122 having a plurality of
filaments. The rotating brush 122 1s configured to rotate
about the same axis as the axis of rotation of the fan 102, or
along a parallel axis. According to an example the rotating
brush 122 1s configured to rotate together with the fan, 1.c.
both the fan 102 and the rotating brush 122 are rotated by a
motor 115. The motor can be configured to rotate the fan 102
and the rotating brush 122 in the same speed or at different
speed for example by a set of cogwheels or other mechanical
member configured to transmit rotational motion.

It 1s appreciated that while the speed of the fan 102 can be
set 1n accordance with the desired airflow output, the speed
of the rotating brush 122 can be determined 1n accordance
with the desired fluid atomization rate. That i1s to say,
according to an example, the apparatus 100 can be config-
ured to allow the user to select the speed of the fan 102. In
addition, the apparatus can be configured to allow the user
to select the speed of rotating brush 122 and thus the fluid
atomization rate. Alternatively, the tfluid atomization rate can
be set 1n accordance with the selected fan speed.

It 1s appreciated that the rotating direction of the rotating,
brush 122 1s configured such that the fluid particles are
directed in transverse with the airtlow direction. That 1s to
say, the fluid particles produced by the atomization system
120 are configured to be sprayed inside the housing 110 1n
a direction different than the direction of the outlet opening
11256. In this connection, 1t should be noted that small
particles of liquid, such as particle less than 50 to 75 microns
in diameter, present a low mass relative to their surface area.
Thus, when the rotating brush 122 produces particles of such
diameter, these particles are carried down along the housing
110 towards the outlet opening 1126 and rapidly evaporate,
cooling the air without wetting any object outside the
housing 110.

When however, large particles of fluid occasionally
escape the rotating brush 122, these particles do not fly out
of the housing 110. This 1s due to the fact that the larger
particles have a greater ratio of weight to surface area such
that the forces exerted by the air flow are not suflicient for
catching the particles and hurling them towards the outlet
opening 11256 of the housing 110.

In addition, according to the present implementation the
particles are hurled at an air speed of approximately 1.5
meters per second 1n the radial direction, further preventing,
the air flow from blowing them towards the outlet opening,
1125 of the housing 110. Instead the larger particles travel
unimpeded towards the sidewall of the housing, where the
particle gravitates to the bottom of the housing 110, as
explained hereinatter.

The apparatus 100 further includes an array of capillary
channels 130 disposed such that the edge thereof 1s engaged
with the circumierence of the rotating brush 122. The
capillary channels 130 can be defined on a plate 132
disposed iside a liquid trough 135 which 1s 1n flud com-
munication with a water source (not shown) via a feed tube
138.

As most clearly shown in FIG. 8B, the plate 132 1s
diagonally disposed 1n with respect to the trough 1335, such
that on one hand, the capillary action causes liquid from the
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trough to be urged upwardly, and on the other hand, the slope
prevents excess liquid from reaching the circumierence of
the rotating brush 122.

It 1s appreciated that the angle of the plate 132 with
respect to the trough 135 can be determined in accordance
with the required transier rate under the capillary action and

the properties of the liquid.
As shown 1n FIG. 8C, the trough 135 and the plate 132

with the capillary channels 130 can be extended along the
entire length of the rotating brush 122 such that filaments
along the entire length on the rotating brush 122 can collect

liquid by adhesion from the edge of the capillary channels
130.

According to an example, the trough 135 can include a
plurality of butlers 140 disposed such that the volume of the
trough 135 1s divided to a plurality of partitions 137,
preventing liquid from passing between adjacent partitions
137. This way, the desired level of liquid within the trough
can be maintained across the entire length thereof. That 1s to
say, 1n case the apparatus 100 1s disposed on at an angle,
such that liquid 1n the trough 133 tends to gravitate towards
one side thereol, leaving the opposing side with less liquid.
In this situation, channels 130 defined in areas of the plate
132 corresponding to higher side of the trough 135 do not
have liquid to allow the capillary action, and corresponding
portions of the rotating brush 122 will not produce the liquid
particles. Thus, the buflers 140 prevent the liquid from
passing between partitions 137, such that liquid 1s main-
tamned 1n each partition independently of other partitions
allowing a continuous capillary action in substantially all the
channels 130 defined along the plate 132.

According to this example, the feed tube 138 1s configured
to provide liquid to each of the partitions 137. The feed tube
138 can be configured to provide liquid to a liquid passage
142 defined along the partitions and having opemings 144
allowing liquid to pass into each of the partitions 137 at a
desired flow rate. Each of the partitions 137 can be provided
with a dramning aperture 139 configured such that gravita-
tional forces exerted by the liquid pressure in the partition
137 force liquid out the partition 137 through the drain 139.
The greater the tflow rate of liquid entering from the feed
tube 138, the greater will be the height of the liquid 1n the
partition, because as the partition 137 fills up the speed of the
flow rate of the draining aperture increases marginally until
a new equilibrium 1s reached at the new, higher level. Thus
by adjusting the flow rate of the incoming liqud from the
feed tube 138, the height of the liquid 1n the partition can be
set as desired.

The flow rate of liquid entering and leaving the partition
137 1s much greater than the amount of liquid removed by
the filaments during the same amount of time, so this design
ellectively removes the requirement to match the tlow rate
of incoming liquid to the amounts needed by the filaments.
Providing liquid at exactly the amount required by the
filaments would be an extremely complex and expensive
task. The height of the liquid can be controlled for example
by varying the rate of the drip coming 1n from the feed tube
138, by means of a drip controller provided at the openings
144.

It will be appreciated by those skilled 1n the art that higher
and lower levels i the partition 137 produce faster and
slower capillary rise 1n the plate 132, which 1n turn provides
taster and slower adhesion of liquid to the filaments, respec-
tively. Hence the rate of atomization of liquid from the
device can be accurately controlled by varying the drip rate
of the entering fluid.
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The capillary channels 130 according to the present
invention are configured at a narrow liquid path configured
such that intermolecular forces are exerted between the
liquid and walls of the capillary channels 130. It 1s thus
appreciated that the width of the channels 130 1s sufliciently
small, such that the combination of surface tension and
adhesive forces between the liquid and channel wall act to
l1ft the liquid. The width of the channels can be determined
in accordance with the cohesion property of the liquid.

According to the present example, the channels 130 are
configured such that each channel includes two side walls
and a bottom portion, while top portion thereof 1s opened.
This way, the liquid inside the channel 130 interacts only
with three side walls of the channels 130, reducing thereby
the capillary rise rate. As described below, the process of
adhering extremely small amounts of liquid to the filaments
1s most eflective when the capillary forces urging liquid up
the tubes are prevented from maintaining the level of the
meniscus as high as 1t can be. The lower capillary rise rate
of the three sided channel 130 facilitates the atomization
process carried out by the filaments, as explained herein
below.

It 1s appreciated that 1n the atomization system 120 of the
present example the filament acquires liquid by adhesion at
very nearly the same moment that 1t 1s bent to be snapped,
1.e. during the disengagement of the edge of the filament and
the plate 132.

This 1s as opposed to the previous example 1 which the
filament first collects liquid from the capillary tubes and then
engages a top plate and only then 1s snapped when disen-
gaging from the top plate (plate 14 of FIG. 2). Accordingly,
in the present example, the simultaneous engagement of the
filament with the capillary channel and collection of liquid
therefrom 1mmediately followed by the disengagement of
the filament from the capillary channel such that the filament
1s Iree to oscillate. Thus with the atomization system 120 of
the present example introduction of unacceptably large
droplets 1s reduced, and the filament efliciently increases the
creation of extremely small droplets constituting excellent
atomization.

Attention 1s now directed to FIGS. 9A to 9D, according to
an example, the rotating brush 122 includes a plurality of
filaments 134 defined along the entire length thereot and the
entire circumierence. The rotating brush 122 1s so disposed
with respect to the plate 132 such that the edge of each of the
filaments 134 engages the edge of one of the capillary
channels 130 one time 1n a rotation cycle. This way, each
filament 134 collects a small amount of liquid by adhesion
from the edge of the capillary channel 130 one time 1n a
cycle.

That 1s to say, as opposed to the previous examples in
which the filaments are configured to engage a surface
having a sequence of opening of capillary tubes, according
to the present example, the filaments 134 are configured to
engage only an edge of a single capillary channel 130.
Adhesion at the edge of the capillary channel 130 results in
deforming the meniscus and further limiting the amount of
liquid that adheres to the filaments 134. This way, the
amount of liquid absorbed by each filament 134 1s consistent
and 1s dictated by varying the rate of the capillary action, for
example by controlling the height of the liquid in the
channels.

As indicated above, according to the present example, the
capillary channel 130 include only three side walls such
reducing thereby the rate of the capillary action. This way,
during the rotation of the rotating brush 122, filaments 134
about the circumierence of one segment of the rotating brush
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122 successively engage a corresponding capillary channel
130. The relatively slow capillary action does not allow
liquid to reach the top of the plate 132 in the time interval
between engagement of a first filament and engagement of
a successive fillament. Thus, the amount of liquid absorbed
by the filament 1s controlled 1s maintained low allowing
thereby a much finer atomization of the liquid. Accordingly,
it 1s appreciated the amount of liquid absorbed by each
filament can be controlled by adjusting the height of the
liquid 1n the channels 130, which increases the capillary rise
rate, or by adjusting the time interval between engagement
of a filament with the edge of the capillary channel 130 and
engagement of a successive filament with same capillary
channel 130, determining thereby the amount of liquid
which can reach the edge of the capillary channel 130 during
this time interval. The time interval can be adjusted by
adjusting the rotation speed of the rotating brush 122, or by
distancing the filaments from one another, efc.

As shown 1 FIG. 9A, as the rotating brush 122 1s rotated
a filament 134 engages the edge of the plate 132, the
engagement and the continuous rotation of the rotating brush
122 in one direction urges the filament 134 to bend in an
opposite direction. As the rotating brush 122 further rotated
in same direction, the edge of the filament 134 1s forced to
disengage the edge of the plate 132, such that the filament
1s bent to the opposite direction, as shown 1n FIG. 9B. As 1n
the previous examples, any liquid hurled oif by the 1nitial
sling of the filament from the barrer 1s not desired, because
such occasional droplets as do arise at that point are much
too large for eflective atomization. Effective atomization
demands not only the creation of a large number of very
small droplets, but 1t also demands the total exclusion of
large droplets from the atomized product. Any liquid cast off
by a barrier, such as a collecting member 150, as described
hereinafter, 1s caught and returned to the reservorr.

As 1n the previous examples, the filaments 134 are made
of a material allowing an oscillating motion thereof alter-
nately bending between a first and second direction, 1.e
between the rotating direction of the rotating brush 122 and
an opposing direction. This oscillation allows producing
droplets of sufliciently small size. The oscillating motion
urges the liquid particles to escape the rotating brush 122,
bringing about the atomization of liquid absorbed by the
filament 134. According to an example the filaments 134 are
configured such that the bending direction thereof after
disengaging the edge of the plate 132 1s the rotating direction
of the rotating brush 122. The filament oscillates while 1t 1s
rotating, speeding up and slowing down during 1ts rotation,
and creating relatively high forces of acceleration at each
change 1n direction. These forces naturally apply even
though the filament continues 1n the overall rotation. When
the filament 1s disengaged from the plate 132 1t 1s traveling
much faster than the rate of rotation, catching up with where
it would have been had it not encountered the plate 132. As
the filament 134 continues along the rotational path of the
rotating brush 122, the oscillation of the filament stops, in
this example after a quarter turn, and quickly changes
direction and oscillates 1n the opposite direction. The accel-
eration caused by this rapid change in direction causes the
filament to cast off a very small droplet. According to an
example, the filament 134 1s configured to bend back to the
opposite direction only after the rotating brush 122 1s rotated
approximately 90 degrees with respect to the plate, causing
it to hurl ofl one droplet 1n a direction 180° with respect to
the plate, increasing thereby the eflectiveness of the atomi-
zation. This way, the direction 1n which the liquid particles
are released 1s controlled.
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For example, 1t has been found that a filament having a
length of 21 mm and a diameter of 0.3 mm 1s suitable to
atomization of liquids of the lowest viscosity, such as water.
In the case of using water evaporation for air cooling,
according to an example there 1s not requirement that any
particular oscillation be eflective, rather 1t 1s desired to have
as many as possible, 3 or 4 oscillations of the filament
casting ofl liquid. However in the case of applying the
device to painting surfaces, the oscillations must be more
strictly controlled 1t the effect of hurling droplets in a
specific direction 1s to be achieved. Thus 1n the case of paint,
only the first half oscillation may be utilized for the atomi-
zation, with the liquid being hurled from the filament exactly
in the direction desired. In this manner a droplet with a much
higher air speed than other paint atomization methods can be
achieved, actually hurling the droplets deep into cracks
unreachable by other methods. In this vein a filament having
a length of 14 mm and a diameter of 0.035 1s useful for more
viscous liquids like latex paint, where more force 1s required
to cast ofl the droplet. A shorter, thicker filament like this has
much fewer oscillations than the thicker, longer one used for
water—3 to 4 oscillations instead of more than 22 oscilla-
tions. Since the application utilizes only the product of the
first oscillation, the loss of oscillations has no negative effect
on the quality of the product. And the thicker filament
produces a stronger throw, adding to the air speed of the
droplet. A filament having a length of 11 mm and a diameter
of 0.035 1s usetul for even more viscous liquids like such as
think paint, where more force 1s required to cast ofl the
droplet.

A filament having a length of between 14 and 21 mm and
a thickness between 0.3 and 0.035 mm would be suitable for
liquids of more viscosity than water but less than that of
paint, for example, olive oil.

The apparatus 100 according to the illustrated example
turther includes a collecting member 150 extending from the
plate 132 along a portion of the rotational path of the rotating,
brush 122. The collecting member 1s configured to collect
excess liquid absorbed by the filaments 134. For example,
sometimes the filaments sling off droplets that are too large
following the disengagement of the filament and the edge of
the plate 132. These 1nelliciencies may be due to imperfec-
tions 1n the distribution of the filament heads along the
length of the brush, or to other impertections. The unwanted,
too-large droplets are thus collected by the collecting mem-
ber 150, which can be include a sloped surface 152. The
sloped surface with configured to directed the excess liquid
to an outlet aperture 154, which 1s 1 fluid commumnication
with a fluid tank 156. The fluid tank 156 can be in fluid
communication with the feed tube 138, such that the excess
liquid 1s reused to feed liquid into the trough 135. The
collecting member 150 can be further configured to block
liquid particles escaping the rotating brush 122 at an unde-
sired location. That 1s to say, if 1t 1s desired to let liquad
particles escape the rotating brush 122 to the inside of the
housing 110 such that the particles merge into the airflow
generated by the fan 102. Accordingly the liquid particles
escaping in other directions can be blocked by the collecting
member 150, and collected back to the fluid tank 156.

Since, as idicated above the liquid particles are directed
in a direction transversely to the direction airtlow generated
by the fan 102, the liquid particles are not directed to the
outlet opeming 11256 of the housing 110. This way, liquid
particles which are substantially larger are not drifted by the
airtlow, and strike the side of the housing where they
gravitate to the bottom of the housing 110. According to an
example, the bottom of the housing can include a sloped
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portion configured to direct the liquid to a designated area,
in which the liquid can be for example, pump back to the
fluid tank.

It 1s appreciated that for the purpose of the cooling
apparatus the liquid can be water, or other coolant liquid. It
1s appreciated that the rotating brush 122 and the capillary
channels 130 described 1n connection with the cooling
apparatus, can be implemented 1n other system such as paint
spraying systems etc.

It 1s further appreciated that 1n accordance with another
example of the present invention, the atomization device can
include a brush configured for linear displacement with
respect to the edge of the plate. That 1s to say, the brush can
be configured with a cyclic displacement such that when 1t
1s displaced 1n a first direction the filament engages the edge
of the capillary channel. The brush 1s then displaced back 1n
a second opposing direction, such that 1t can be displaced
back in the first direction. The capillary channels can be
configured such that the filaments engage the edge thereof
only when the brush 1s displaced 1n the first direction. This
can be carried out for example, by disposing the plate in a
diagonal with respect to brush such that the edge thereof 1s
directed towards the first direction.

In addition, although 1n the previous examples, the brush
1s displaced with respect to the plate, 1t will be appreciated
by those skilled 1n the art that the brush can be a static brush,
while the plate with the capillary channels 1s configured to
be displaced with respect to the brush such that the filaments
engage the edge of the capillary channels. This can be
implemented either with a linear displacement of a rotational
displacements, or any other displacement.

Those skilled 1n the art to which the presently disclosed
subject matter pertains will readily appreciate that numerous
changes, variations, and modifications can be made without
departing from the scope of the invention, mutatis mutandis.

The mvention claimed 1s:

1. An atomization device for forming liquid particles the
device comprising:

a brush having a plurality of filaments, each of said
filaments 1s coupled on one end thereotf to said brush
such that an opposing end of said filaments 1s free to
oscillate;

a plate having at least one liquid path configured for
capillary action of liquid therein;

wherein one of said brush and said plate 1s configured to
be displaced with respect to the other one of said brush
and said plate i a first direction during a cyclic
displacement; and

wherein disposition of said plate with respect to said
brush 1s such that during said displacement in said first
direction at least one of said filaments 1s displaced
between a first position 1 which said opposing end 1s
engaged with an edge of said liquid path collecting
thereby a film of liquid therefrom, and a second posi-
tion 1n which said opposing end 1s free to oscillate 1n an
alternating motion between said first direction and a
second opposing direction, and wherein said alternating,
motion 1s triggered by forces exerted on said opposing
end during disengagement thereof from said edge of
said liquid path.

2. The atomization device of claim 1 wherein said cyclic

displacement i1s a rotation displacement.

3. The atomization device of claim 2 wherein said brush
1s a rotating brush configured to rotate 1n said first direction
with respect to said plate.

4. The atomization device of claim 1 wherein during said
alternating motion of said filament said opposing end
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changes direction from said first direction to said second
direction a particle of liquid 1s dislodged from said opposing
end.

5. The atomization device according to claim 1 wherein
said brush includes a plurality of filaments coupled along a
width thereof and said plate includes a plurality of liquid
paths, said plate extends along said width such that in said
first position each of said filaments 1s engaged with said edge
of at least one of said liquid paths allowing thereby said
plurality of filaments to simultaneously collect liquid from
said liquid paths.

6. The atomization device according to claim 1 wherein
dimensions of said liquid path 1s configured such that
surface tension and adhesive forces between liquid and walls
of said liquid path causes said capillary action and 1n
wherein said dimensions are configured 1n accordance with
a cohesion property of said liqud.

7. The atomization device according to claim 1 wherein
said at least one liquid path 1s a channel having an opening
along a portion thereof reducing thereby the capillary rise
rate.

8. The atomization device according to claim 7 wherein
said channel includes a bottom wall and two side walls
wherein said opening 1s defined along a top portion thereof
such that liquid therein interacts only with said bottom wall
and said two side walls.

9. The atomization device according to claim 1 wherein
said plate 1s disposed 1nside a liquid trough, and 1s config-
ured such that a liquid level therein allows said capillary
action.

10. The atomization device according to claim 9 wherein
said plate 1s diagonally disposed with respect to said trough
wherein angle of said plate with respect to said trough 1s
determined i1n accordance with the desired rate of said
capillary action.

11. The atomization device according to claim 9 wherein
said trough includes a plurality of partitions successively
defined along the length of said plate and configured such
that said liquid level 1s maintained 1n each of said partitions.

12. The atomization device according to claim 11 further
comprising a liquid passage defined along said partitions and
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having openings configured for providing liquid into each of
said partitions at a desired tlow rate.

13. The atomization device according to claim 11 wherein
cach of said partitions includes a draining aperture config-
ured such that gravitational forces exerted by the hiquid
pressure 1n said partition force liquid out said partition
through said draining aperture maintaining thereby said
liquid level 1n said partitions.

14. The atomization device according to claim 1 wherein
said brush includes a plurality of filaments configured to
successively engage said edge and wherein engagement of
cach filament with said edge causes deformation of the
meniscus 1 a top surface of the liguid 1n said liquid path
decreasing the height of the meniscus as measured 1n the
middle of said liquid path, and wherein rate of said capillary
action 1s configured such that the time interval between
engagement of a filament and engagement of a successive
filament, 1s controlled to be shorter than time required for
said capillary action to return said meniscus to its full height.

15. The atomization device according to claim 3 wherein
cach of said filaments 1s configured to bend back to said
second opposite direction only after said rotating brush 1s
rotated approximately 90 degrees with respect to said plate.

16. The atomization device according to claim 1 further
comprising a collecting member extending along a portion
of a path defined by said first direction and configured to
collect excess liquid absorbed by said filaments.

17. The atomization device according to claim 1 further
comprising an air blowing device configured to blow an
airstream 1n a first direction; wherein said brush 1s config-
ured to spray particles of said liquid 1n a second direction
transversely of said first direction.

18. The atomization device according to claim 1 wherein
said air blowing device 1s a fan rotating about an axis and
wherein said apparatus includes a housing having an inlet
opening and an outlet opening and wherein said airstream 1s
directed from said inlet opening towards said outlet opening,
and wherein said rotating brush 1s configured to rotate.
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